Schistosomiasis mansoni is hyperendemic in northeastern Brazil, representing the main cause of portal hypertension in children (Kelner 1992 , Amaral & Porto 1994 . The hepatosplenic form of this disease with bleeding esophageal varices is not common in children (Kelner 1992) . However, if occurs, it may determine severe implications of their whole productive life.
Splenectomy, ligature of the left gastric vein and sclerosis of the esophageal varices is one of the most frequent surgical treatment for the upper digestive hemorrhage associated with portal hypertension from hepatosplenic schistosomiasis mansoni (Kelner 1992 , Lacerda et al. 2000 . In children, auto-implantation of spleen tissue into a pouch of the greater omentum has been added to this protocol as way to protect against overwhelming postsplenectomy sepsis (OPSI). However decreasing the portal inflow to the liver, this surgical approach has proved to decrease the portal hypertension, to improve the somatic development of these children as well as to maintain the hepatic functional reserve (Brandt et al. 1995 (Brandt et al. , 1997 . King and Schumacker (1952) drew attention to the risks of OPSI after splenectomy in children. Subsequent reports have confirmed these observations and have changed the concept of the spleen as an unessential organ. Without the filtering function of the spleen, pneumococcus and other organisms may rapidly multiply in the bloodstream causing OPSI (Hays et al. 1986 , Traub et al. 1987 , Steely et al. 1988 .
Immunization with pneumococcal, meningococcal and hemophilus vaccines are efficacious in the prevention of OPSI if they are given two weeks before splenectomy. Prophylaxis with oral penicillin V should be considered in splenectomized patients without splenosis. In patients who had undergone splenectomy, due to trauma, without previous vaccination but develop natural splenosis or autologous splenic implantation, the immunization with pneumococcal polysaccharides appears to produce good specific antibody response (Weibel et al. 1977 , Aargerge et al. 1984 , Hathaway et al. 1995 .
Tuftsin, a physiological phagocytic stimulating peptide, produced only by the spleen, stimulates the phagocytosis, mobility, immunogenic and bactericidal activity; and maintains a significant correlation with residual splenosis after splenectomy due to trauma (Nishioka et al. 1972 , Zolli et al. 1994 , Zvi et al. 1997 .
Natural splenosis or intentional autologous spleen tissue implantation have been controversial in adults, although in children have been used to explain the lesser risk of OPSI in the normal splenectomized host (Velcek et al. 1982 , Patel et al. 1986 , Westermann & Pabst 1986 , Kays et al. 1993 , Müller et al. 1995 .
The purpose of this investigation was: to investigate the results of spleen tissue implantation in the greater omentum in children and adolescents with portal hypertension due to schistosomiasis after undergoing splenectomy and ligature of the left gastric vein; to evaluate the residual filtration function of the implanted spleen tissue; to quantify the production of tuftsin; and to assess the immune response to pneumococcal vaccine of these patients.
MATERIALS AND METHODS
Patients -Twenty three patients, from 11 to 18 years of age, 17 males and 6 females, suffering from recurrent upper digestive bleeding associated with severe portal hypertension due to hepatosplenic schistosomiasis mansoni were included in this investigation. All of them had undergone splenectomy, ligature of the left gastric vein and auto-implantation of ten slices of spleen tissue, without the capsule, into an omental pouch in the greater omentum. The measurements and weights of the implanted slices were approximately: 3 x 2 x 2 cm and 10 g each.
Patients presenting recurrent upper digestive hemorrhage in the follow-up were included in the protocol for endoscopic sclerosis of esophageal varices. All patients were cared for at the University Hospital (Hospital das Clínicas), Federal University of Pernambuco, Brazil, from 1990 to 1999.
The patients were treated, 30 days before surgery, with oxamniquine for the schistosomiasis in a single dose of 20 mg/kg, up to a total dose of 600 mg. Liver function tests and serum investigation for hepatitis B antigenemia were done in all of them. The Child's criteria for assessment of hepatic functional reserve were used. Eighteen patients were Child A and 5 were Child B.
Routine wedge liver biopsies from all patients, taken at the time of surgery, were sent for histopathology. Symmers' fibrosis grade III was observed in 18 patients; 4 were grade II; and 1 grade I. Moderate grade (++/++++) of portal inflammatory activity was observed in 16 patients; and fair grade (+/ ++++) was observed in 7 patients. Important (+++/ ++++) portal granulomatous activity was observed in 3 patients; moderate (++/++++) in 3 patients; and in 8 a fair (+/++++) grade of granulomatous activity was observed. Nine patients presented with no portal granulomatous activity. Minimal schistosomotic pigmentation in the hepatic portal space was observed in 5 patients; and moderate in 1, however, in 17 patients, such pigmentation was not observed.
Splenosis -The patients were assessed for splenic nodules (splenosis) using the hepatosplenic nuclear scan, employing sulfur colloidal preparations labeled with technetium 99m , administered intravenously in a single dose of 7 mCi. These routine evaluations were done six months and one year after surgical treatment.
Splenic filtration function -After an average follow-up of one year peripheral blood smears were examined in all patients for the presence of HowellJolly bodies, using the Giemsa staining. These investigation was used to assess the hemocateretic splenic function. The presence of Howell-Jolly bodies was accepted as absence or insufficiency of this function.
Tuftsin concentration -Fourteen, out of those 23 three patients, were evaluated for the tuftsin serum concentration. Six of them had had also evaluation before surgical treatment. As a local standard of normality, four children from the same geographic area and similar nutritional status, without schistosomiais mansoni, were used as a control group.
The tuftsin concentration was measured, in the serum, by ELISA. The rabbit antiserum was prepared after immunization with a bovine-albumintuftsin conjugate. For the serum sample tetrapeptide quantification, the dry extracts of tuftsin were obtained after serum tripsinization. After this step, the dry extracts underwent hydration with 500 µl of PBS-Tween 0.01M. From this solution, 50 µl were incubated with 50 µl of rabbit antiserum at 37 o C, with a final dilution of 1:15,000. After 1 h of incubation in glass tubes, the samples were transferred to microtitulation plates previously coated with bovine-albumin-tuftsin conjugate. After a second incubation for 1h at 37 o C, the plates were washed with the PBS-Tween and a second antibody conjugated with peroxidase was added. Following, it was revealed and processed for the development of the staining. After that, a double reading of the plate content optical densities were done. The readings were compared with the values of a synthetic tuftsin standard curve which values ranged from 50 a 500 ng/ml.
Pneumococcal vaccination -All patients received 0.5 ml of intramuscular polyvalent pneumococcal vaccine (Pneumo 23-Pasteur Mérieux-France). Before vaccination and after six weeks blood samples were collected. Pre and post immunization serum samples were used for ELISA, in the same plates, of pneumococcal type-specific polysaccharide antibody responses. The results were expressed in fold increase of titer antibody immune response, defined as FI = postimmunization titter over preimmunization titter. FI is defined by the following equation: FI = 2 (log10 b -log10 a )/m, where a is the extinction of the prevaccination sample; b is the extinction of the postvaccination sample; and m is the difference between log10 values of two consecutive twofold dilutions of the standard serum against log10 (extinction x 10 2 ) of the same serum.
The patients who presented with FI greater than two were considered normal as regard to their immune response. Patients with FI between one and two were accepted as presenting intermediate response, and the ones with FI smaller than one were considered with impaired immune response.
Statistical analysis and ethical considerations -The quantitative results were expressed by their means and standard deviations. The paired and unpaired Student "t" tests were used for measuring the difference among means; p < 0.05 was used to reject the null hypothesis.
The wedge liver biopsy was done in all patients as an essential part of proving the severity of schistosomiasis mansoni, as well as to exclude any other liver disease. Vaccination against pneumococcus is mandatory in patients who had undergone splenectomy and have developed splenosis without receiving this immune stimulus prior to surgery. On the other hand, the local ethical committee approved this study.
RESULTS
Splenosis -Hepatosplenic Tc-99m scan demonstrated five or more splenic nodules in the greater omentum in 21 (91.3%) out of the 23 patients (Figure) . They were considered as having sufficient residual spleen tissue. However, in two patients (8.7%) less than five splenic nodules were identified.
Splenic filtration function -Absence of HowellJolly bodies was observed in 21 (91.3%) out of the 23 patients. In two (8.7%) patients, with less than five splenic nodules identified in the scintigraphic scan, Howell-Jolly bodies were found in their peripheral blood smears.
Immune response to pneumococcal vaccineThe mean post-immunization serum concentration of pneumococcal antibodies was greater than the pre-immunization ("t"=2.74; p < 0.01). Fifteen patients (65.2%) presented with FI greater than two. In four patients (17.4%) the FI were between one and two and in another four patients (17.4%) the FI remained bellow one.
Serum concentration of the tuftsin activityThe tuftsin postoperative mean serum concentration (335.0 ± 29.8 ng/ml) was similar to the control group (282.0 ± 71.6 ng/ml). In the six patients evaluated before treatment the tuftsin serum concentrations were, always, higher than 500 ng/ml, well over the superior limit of the calibration curve (Table) . 
DISCUSSION
It has been observed, after total splenectomy in children, a low but worrying prevalence of OPSI, especially due to encapsulated bacteria, such as pneumococcus. Elective removal of the spleen after trauma produces a series of important changes in the immune system, including deficiency in phagocytosis. The overall incidence of OPSI is about 4.25% , but varies with age and underlying diseases (Mollitt & Dokler 1997) . Partial splenectomy, splenorraphy, partial splenic embolization and autologous splenic implantation in the greater omentum have been used for minimizing the risks of OPSI. Prophylactic penicillin is routinely employed after splenectomy in children to protect against pneumococcal infection. On the other hand, preventive vaccination against pneumococcus and other pathogens have been used more frequently in asplenic patients (Kays et al. 1993 ) .
Natural splenosis, reported after splenectomy, due to trauma, in about 34% of the patients, or intentional splenosis, seem to reduce the adverse effects caused in the immune system. However controversial, the maintenance, at least in part, of the phagocytic activity in the neo-formed spleen nodules and the preservation of immune memory may recommend autologous splenic implantation after inevitable splenectomy (Velcek et al. 1982 , Patel et al. 1986 , Westerman & Pabst 1986 , ShokouAmiri et al. 1990 , Müller et al. 1995 . Nevertheless, the effective ability of the splenosis to protect the host against encapsulated microorganisms is still challenged (Cooney et al. 1979 , Rice & James 1980 , Tesluk et al. 1984 , Loogie & Hinchey 1986 , Green et al. 1986 , Hays et al. 1986 ).
The immune response capacity, after human splenic autotransplantation following splenectomy due to trauma, is maintained for pneumococcal vaccine subtypes (Leemans et al. 1999) . However, this kind of response had not yet been investigated in patients with portal hypertension due to hepatosplenic schistosomiasis mansoni infection.
Total splenectomy in human beings is followed by losses of the ability to generate tuftsin, a splenic endocarboxipeptidase (Nishioka et al. 1972 , Zvi et al. 1997 . Maintenance of serum tuftsin levels in the lower limits of normality is observed in patients who had undergone splenectomy after trauma, but intentional or unintentional tissue spleen implantation occurs in the abdominal cavity. There are also, in these patients, a negative correlation between the percentage of Howell Jolly bodies in the peripheral blood smear and tuftsin activity, proving that residual splenic activity is kept in those patients (Zoli et al. 1994) . The protector effect of synthetic tuftsin has been proved in the experimental sepsis after total splenectomy (Chu et al. 1985) .
In children with huge splenomegaly, portal hypertension and bleeding esophageal varices due to schistosomiasis mansoni infection, autologous implantation of spleen tissue from the upper pole into an omental pouch of the greater omentum after splenectomy and ligature of the left gastric vein is still under investigation. The clinical observations of the 64 children with this condition who entered in this protocol, from January 1990 to March 2000, cared for at The University Hospital, Federal University of Pernambuco, Brazil, are very encouraging. There has been no increase in the rate of infection and it was observed no case of OPSI (Brandt et al. 1997) .
The radioisotope evidence, on over one year follow-up, in 21 out of 23 patients of more than five splenic nodules shows that autologous splenic implantation into an omental pouch in the greater omentum is more effective than natural splenosis for maintaining functioning splenic parenchyma. However, in two patients (8.7%) there were less than five splenic nodules both of them were positive for Howell Jolly bodies. This seems to indicate that the splenic filtration function is associated with the amount of remaining spleen tissue. Previous study on partial splenic embolization in children, with portal hypertension due to congenital abnormalities, showed that the remaining 15% to 25% of pre-treatment splenomegaly was sufficient to maintain normal hemocatheretic splenic function (Brandt et al. 1989) .
Normal specific anti-pneumococcal antibody response in 65% of the patients in this series may represent the efficacy of the residual spleen tissue in maintaining the immune humoral defense. This may be the result of the preservation of the B lymphocyte memory. We have already demonstrated an increase in B lymphocytes after splenectomy and autologous spleen tissue implantation in the major omentum in children with surgical schistosomiasis (Brandt et al. 1995) . Among the eight patients with intermediate and impaired immune response two had inefficient splenosis, other two had pre-immunization high levels of antipneumococcal antibodies and four were positives for hepatitis B. All of them were considered as moderate risk (B) for the hepatic functional reserve. As a general rule the patients with normal immune response had sufficient splenosis, were negative for hepatitis B, with pure Symmers fibrosis on liver biopsy and were considered as good risk (A) for the hepatic functional reserve.
Similarly to the reports of spleen function preservation after unintentional splenosis following splenectomy for trauma the present investigation confirms normal serum tuftsin concentrations in children with hepatosplenic surgical schistosomiasis mansoni who had undergone splenectomy, ligature of the left gastric vein and autologous implantation of spleen tissue in the major omentum. These findings are originals and support the principles that autologous spleen tissue implantation after splenectomy in children should be mandatory. On the other hand, excessive serum concentrations of tuftsin before surgery in the patients of this investigation are in agreement with the high levels of immunglobulin G in these children. It should be stressed that after surgical treatment these patients show important decrease of serum immunglobulin G levels, even though they still remain over the normal limit range, similarly as it happens with tuftsin.
We have showed that although the majority of these patients present Symmers' fibrosis grade III (Brandt et al. 2000) they maintain good hepatic functional reserve which seems to be important in the immune response. It is likely that positive antigenemia for hepatitis prior to surgery and/or liver cirrhotic changes, and poor hepatic functional reserve may have impaired the residual splenic functions in some patients who are considered to have non pure S. mansoni disease. On the other hand, inefficient splenosis seemed to be associated with surgical technical failure.
From the results the following conclusions can be drawn: splenic filtration and immuneresponse to pneumococcal vaccination can be achieved, in the majority of the children with severe portal hypertension due to hepatosplenic schistosomiasis mansoni, who have undergone splenectomy followed by efficient autologous implantation of spleen tissue in the greater omentum. Also, this method is effective in maintaining the serum tuftsin concentration inside the range of normality.
